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. B. A. Kezanskiy cod M. I. Eabachntk ' ool

Alsksoniy Yerminingel'dovick Artuzov, one of the outeteniing Soviet | ..
organic chamists was born 12 September (30 August, old-styls calepflar) =~ i
1877 in the village of Arburovo-Baran, in Spasskiy Uyezd, Kazansiaya ‘
Guberniyn. He received his primery education in the village sohool, and
then in the first Kazen' Clagaical Gymmagium, vhich he left in 1896, vhere~
upcn he immedielely entered the Natural Soience Diviasion of tho Physics amd
Matheraticn Fesulty of Xezan' University. Here, an 4 stvdent, he -
or—ploted hic firat sclentific work under the guidance of Professor . bt
A. M. Tagteov, "On All¥yl-Methyl-Fhenyl-Carbincl,” which was ~abliskad tn .ol
the jowmal of the RussienIayolos und Chepdstry Soclety in 1901. . L AT

Upon capletivn of wiversity studiss in 1900, ~ Arduzov vas el
rocomoanded by Prvfessor A. M. Zaytcov for a tasachirg fellowship with.
! Kozan' University. However, ho 418 nof; vait for sorfirmation of the
RO eppointment, axd accepted e position as aspistant in the Institute of
< o I Agricultuse and Forestry in Foveya Aleksandriys.

Tn 1905, Arbuzov paseel his moster's exaninatinnas and defended his
pester's disgertation ou the subject, "The Struoture of Phoethorous Acid
and Tte Derivatives,” for vhick the Ruciian Prysics arl Chemistyy Soclety
evaded hin the Zinin anll Voskressnukiy Prize, ond vhich helped him to
ear recormition among Rusaian chemiste. .

n 1905, Ar'uzov was eppcinted assistant professor at the Fovoalekiard-
riygkly Institute, and 1n 1911, after the death of ‘his teacher, A. M.
7aytoev, he was sppointed extreoriinary profesdor {protessor ol hmot) of
Kasan' University, where he ocoupied the ohair of his fomous predecessors, /
7. N. Zinin, A. M. Butlexcv, = A. M. Zaytsev. After defeniiing his . /’
dootor's dissertation, "On the Phonomeua of Catalysis in Prengfornations
of Oertain Phosphorus Compourds,” he recoived a perranent appointment as
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£21). profensor, and all his subsequent scientific and pedagogic activity, up g

_-to now, hao been connected with Eazen' University ard other higher educational 4 L :

¥From 1921 to 1923, he vas desn of the Physics and Mathematics Facnltw)'
' tml%,Shl%,amhrdt&Mmﬂomm; and since 1929, &
permanent director of the Sotentific Ressarch Institvte ' of Chemlstxy
dmend A. M. Butlerov at Kazan' University. Since 1930, Arbuzov has
oocoupled the chalr for Orgenic Chamistry at Eazan® Institute of Chemical
Techrology, in the organization of which he took astive pert. In 1932, he
was eloctod Corresponiing Member, eml in 1942, fctive Manber of the
prelemy of Solences USSR. For his cutstanling sclentific work, Artmzov , 2T
bas twice von the Stalin xrize, and for his scientifis aml pedagogic o
aotivity, bo has twice received tho Oxler of Lenin. ’ ERREERE

U4th tue organization in 1945 of an APfiliate of the Acelemy of Sciauces

USSR 4x Kazen', Arbuzov was elected its President; in 1946, the workers

' of the Zolenodol'gkly electoyal district elscted him as their Depu:ty in
i ] v . the Council of Nationalitieg of the Supreme Soviet USSR,

Among Arbuzov's nmmyous works, which are varied in subject amd deal |
not only with d1fferent cections of organic chemistry but also with problems : o :
of physicol chemistry and the history of chemistry, the most importart work . . I -
1s his resesxch on ovganic phosphorus compounde. His investigations are re- A £
nexkabls for tneir orGerly eysbem, integrity and consistency, and it ia
possihls to Aivide them into several groups only in a limfted venss.

.t S The £iret group, clromologicelly speeking, includes reesarch work i
T cornsoted with the syntheais and stuly of tho propertiss of estars of acide |
formed by trivalent phosphorus, primerily phosphorous acid, which was et
A oarrisd out in its basic stages beZore the October Revolution.. The C T e
- o el preparations of phosphorous 6cid esters repeatelly describad by other anthors. .
g L before Arbuzov's works were all complex mirtures conteining only o amall
proportion of esters of the riOR)3 class. ‘

i D
- AT Axbuzov was the Tirst to synthesize 1a a pure form full alkyl estors of - L
s S Jhospharous end phenyl-phosphinic acids, demonstrating in his early woxk the &Ittt
high degree of akill vhich becmms so cherastaristic of all his later L

szperimputal rosearch.

nho mothod of ynthesds, originally woried out by Arbuzov and. < e
cunsisting of the reestion of eolid alcaliclatea not contaduing spirits with ... 0
phosphorons trichluride according to the equation o :

30We + PC13 —+ (RO); P + Fell

15 now wexcly of himtorical interest. Howover, even the contamporery,
apoepted method of obtaining the esters of phosghorous acid may
 De emarited 0 Arbuzov. Sortly defere Wopld Usr IT; it wes aslaboratad
upor: by zis stodent, K. V. Nikanorov, ard is a moSitication of Milobendrkiy - - ]
an Sakhnovelkiy®s methed, oonaisting of the reachion of alcohols with ' RN i
phos phorous tyichloride in the presonce of dimothyl aniline: : : L w

ROB+F0)5 + I XSW (CB3),+(RO); P+3CERsN (CHylp. 1

The oost fmportrut result of rweearch dome by Arbuzov on the estexs
. dphnsphmnuﬁmtheaiscmdtmucwiwwm
. themsolves, unier the influence of alkyl halides, into esters of rhoaphinic
asils wvith the formation of the C-P link. This reastior, which is oalled
mmwwnaummammfonmm”mnmwnm
R! : : .

R'I+P (R)3— OPR(R)3

nE o
" p- —— RI+R'—P; R
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In the xesction with an.slkys halide, containing a redicel analogous
: to the ralicel of a phosphorous ester (R= B'), the regrowpivg becomes
e isamaerization. Itmhcwsodb:amsmllmtofalﬁlhﬂiﬁa,‘ )
S R . which regensvates in the rcoess of resction and eet8 88 8 CLIATTAT. L s e e T e

S Arbuzov's reaction becams one of the moat importent methoda of symthisia
) of the cxgando compounds of phosphorus; with the aid of this mothod. he
St wes able to gynthessze osters of primery end ssconiary allgyl-phogphinic and
- alkylaxylphosphinic acids and the acids themselves, phosphocarboxylic
‘ ©  acid, phosphoacetophenons, compourd oxiies of tertiary phosphines, and many
other argonic compounde of phosphorus.

In particular, Afbuzov togother vith his stulents (A. A. Dunin, A. I.
Rezumov), carried out the synthesis of phosphoacotic sstor-.the rhosphorus
analsgue of ace’racetic ester, which hag the rroperty similar to the latter.
of meiuoing motallie Jerivatives unler the acticn of potassium ¢or sodium;
vith thene metallic derivatives it is possible to carry out synthosos,
analoguus to the syntheses with acetoscetic ester.

The reaction of rsgrouping mede it possidle for Arbuzov, to obtedn -
orgenic ocmpourds of phosphorus containing &n asymetric atom of phosrhorus -
in the molocule. This work was carried out in collaboration with B. a*
Arburoy, I. A. Avbuzove, and O. Kh. Kamay.

. In 9l0us connsotion with the stuly of the mroperties of phosphorous
= wm.mmmmmwmwmnmtmwmmmmeml
" estars of phospharous asid and the reastions of their metellfc Gerivatives.
By : Thets octers may baws the structure P(OR). (0H) or HPO{R),, 1.9., they may
y e deriratives both of the Pdpls-—luﬂmx?l ar dovrHle-kydrexy?. form of
phosphorous apld. Michuslis and Becks:'s well-Inoun reastion of a sodiwm
derivatiw of dialkyl phosphorous acid with the allyl halides, which results
in the Jcemation of estvrs of elkyl-phosphindc scids with a pontavalent T
atom of phosphoxrus :

R
(80), PONa+R'I-» Nu+n'-r,<-ox
0

om:tmaamddthofmthattbmﬁialuukyl
ester contains phaspiiorvs in a pentavalent mate, as it is pomaible to

Co . -canoeive the formation SR : BRI SR
. : B'-P{wnloorx\'mafomwithatrlva]m g Tl SR
; : " atom of phosphiorus. : '

In developing his former work, Abuzov studied the course of this )
Mmhhmannmumwtbomhmofthemmm,mtm -
of the halogen derivative. It appearsd that the veastiom most frequently
takuve rlace with the fommation of phosphinic acid derivativea; as for
example, triphenylchloromsthane with sodiwm diethylphosphite reasts
according to the equation:

» . (Ceii5)5CC1 0P (0CoHs ) -(Cglg 40 --P,‘((,OC:‘_\BB)?\-MI

The foxmation of full compound ester of phosphorous &oid 18 aido
possible, and can be observed in the reaction of silver diethylphosphite

y with Driarylrethyl chloride:
(c,‘,u:@)2 POAGICIOAYy > (02550) 2P(oc;;rs)u’tecl

1 8
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. Finnlly, in the reaction of triarylmethyl bromides with alkeline . - o
gaits of diethyl phosphiorous dnid inetentes of an amcmelous course of TR o
-this reaction with the formation of frse triarylmethyl radicals were
discoverwd:

(CoHs0)p PONa +BrCAT3 o NaBr + (CollxClp FO+CAYS.

The comsiferation of different experimental resulte enebled Artuzov
to develop the idea of tautomerism of dialkyl phosphorous acids amd to
drav a far-veaching parallel with tautomeriem of Lotoenols, lectimlsstams,
eto. All of this research oarried out by him and his students was
cummexized by him in a bdrilliant report, which was resd at the December
sesnion of the Academy of Sciences in 1936, "The Problem of the Mechanism -
of Resctions of +the Doubls Exchangs of Metallic Derivatives of Tanromeric

Orgunic Campovads."”

) o Oie of the comclusions mede by Axbuzov at the end of his report vas

R ’ to acimovledge the nocessity of further experimental and theoretical study

of tautamerism; making use of the latest physical and chemical methods of

: stuldying the structure of matter. Quite recently (in collsboretion with

L : ' M. I. Betuyev and V. 5. Vinogradova), he pubiichsd a work, wherein the
problan of tautomerism of dialkyi phosphorous acid is solved by mesns:

of the spectyal methed.

. The stuly of speotra of cambination light digpersion hos showm that
1iguis 44alkyl phosphorous acids contain predeminantly an element with & L o
P-H 147k, corresponiing to the double-hydroxyl form of phosphorous acid. LN i
However, the speotnum likeviss revedls the prosence of O-E combinations, - - iy i G R
. LT which corvespnds to the triple-hydroxyl form of phosphorous asid. At the ' .. -i.%
e - same time the oyolic assoolation of molecules of dialkyl phosphorcus acid S
s wvas established. .

An interesting section of A. Yo Arbuzov's work 1s his wtudy (in
collabaretion with B. A. Arbuzov) of the go-callsd Boyd chlorenhydride..
Tt would have beon possible to asocribe two structural foxrmmlas to this
subatance, vhich bas very unusval pxoperties:

(0635)30-0-Pcla\ el {Cdg), C-Bly,
)

4. Yo. and B. A, Artuzov have workad out an sxcellont method of
obtaining this chioranhydride, ord heve studied it various trunsformations
1n Getall, jcesenting weighty arguments in favor of the sscomd formula, which
was later dsfinitely coufirmed by Hatt, e stuolentof Boyd. In A, Ye.
Arduzov's ladoratory. anrlogaes of Jojd's chlorenhyGride have been
epored (K. V. Nikanorov). : -

: In studying Boyd's chlcrenhyiride, A. Yo. and B. A. Arimzov
. . discovered a new methed of obtaining free radicals, which was menticaed ebove
e CE With the aid of this methiod, it was possidle to synthesize several froe
’ ’ " . redicals, not previcusly described. The new method is so superior in its
. ease Of rwacticadls applicatiom tact A. Tno. Arburov recommends it for -
demonstration urposes during lectures.

L ‘ Tinelly, we might mouticn a group of expsrimsuts by A. Yo. Arbuzov
: in comeoction with the preparation of eaters of subphosphoric, pyrophosphoric

ard pyrophosphorons acide. ‘mur work followed the stuly of veactions in the
foxmation ui‘_fm edicals, but 1% has ito own indepondeat valuo. The '

ol
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abcve-mentioned esters vers obtained by the resction of scdium diethyl \
phosphite with bromine.

n A careful  etudy of ‘the reaction products anabled A Yo and B: A.
Arbuzov to igolate individual esters from the very cemplex steucture »
wvith the ald of a eeries of reastimms to establish the following
structural formulas:

G B0, A % G‘zEjO BSO /O('EQ)_

Sp0-2]

a0’ ok GEo”) A " °°eBs a’5° oo

It 18 impossible in this outline to mention even in passing, all
Arbuzov's work oo the organic compounds of phosphorus. Thexefore, wo are
obliged to restrict curselves to mentioning only a few more, that is,
ils work ondialky) chloruphogphites (in collaboration with B. A. Arbuzov,
and later withd. I. Rezumov and V. 5. Abramov), on phosphoreus derivatives
of prrocatechin (with F. G. Valitowa), on the determination of the
dipolar moments of the orgenic compownde of phosphorns (disssrtstion of
P. Y. Rakov), cn refractometry of organic compounds of phosphorus In
conmsction with the atomic refraction of tri- end pentavelsnt phoaphom
(vith A. A, Ivanov), ots.

Uoxk on 'the organisc compounds of mmorus, vhich was so spleniidly
begmm by Arbugov, in his early youth end suscessfully comtinued up to
the mwoent time, is wndoubtedly ammg the most fundswentel in this
‘fie1d ad ho may be considered as ume of the founders of this brsmmah.
However, this is not the only reason why hias work is of great importance”
to chemion) sciemoe. It is also important due t> the fact that with B
thoudctomluaﬂmcrsan!ccmomotmosﬂmmhomthmr,~_
light on general rwblems of oxgenic chemistry, such eo tas rroblem of
tavtomeriem, hancsmun catalysis of organic compourds, the obte.ining of  innin
froonuoal-, to.

nn work, unrelated to the field of organic phosphorue compounds
t“ouches on vesrious organic chemistry problams. Ve ehall mention first
tbmllcwl,dcxmmommemammlaﬂmctemmd
sulfurous acld ‘and alkyl sulfonic asids. He demmstrated that his method
of regroupivg can b5 applied also to some derivatives of sulfurous acid.
Thuy for exarple, the dimethyl ester of sulfurcus acid ia changed into the’
mothyl este:* of methy) sulfonic acid on heating vith mtiyliodide: . i

0 | #0
8= - 8=0
(2 (+(2an) > \ocx3

The eame transformaticr. tekes [lace even at low umyorat‘ma, if" the
estexrs of sulfurous acid are sudjectat to mapruification with a veek
alkell salution in *he presence of alkyl halides, cut in this cave the
reastion 43 mwre coaplicated--through the intermediate stuge of the
mlfite of the alkall motal,

Further, it is netessary to mention Arbduzov'a research work on- '
reactions m the phencmena of catalysis playe en essential part. We have
already mentioned that the pevt of catalysic in tho trensfcormmtion of
arganic cambinations had repeatedly attrasied his attention, md. he was
able tc demcmstrate conclusively the o&uulyuo character of the regrouping
of estors of pliosphorous acid. BHe hus aiso shown comclusively that the
fcxation of hevone scotals, by Kleysen's methodl, with the atd of an
oxrtic’®ormic eates, taheplaoeanl:intbpmmdh&mgmionsof
nine al acins anl has a dietinct catalytio cheracter.
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Tho reaction of acetel hydrolysis 18 of 2 similar nature, showing ’ :
oxtrens sangitivity to the presence of mineral acids which in Arburov's
opinion diseloses. & similarity to Kurtzius-Bredig's well-known reactton "
of the Oscomposition of othyl dlazoacetate. A detailed svody of the
hyirolysis of ketone acetals emablod Arbuzov to determine and competre two
3 moye of its pecullar features: Lirgveraibility end & pronounced emdothsrmic
b character, This necessitated careful tnermochemicol meesuvements, cavried
out by him with apparatus of kis own lesign amd, sometimes, mamPacture.
o These msagurememis shoved thet the heat effect in the hydrolysis reaction
of dlethyl acotons eoetsl is 4.51 calories per gram-mlscule. '

.f"\

Ve mention at this point that his interest in physicochemical research
mothods ord his superior adility to make use of methods of oxac’ physico~
chemicel measurements have enabled Arbuzov to carry out a mmiber of
7alusble sxperimonts relating to other questions. Among thom, wo vefor
Yo his study of the eaction in the afdition of dromine to ether, emd his
resecrch work on the detormination of specific volumes for liquid organdc
campeuwdo  at their boiiing pointa.

o Returning to Arbuzov's oatalytic work, we aleo mention the veaction
R discovored by him in 1910, together with V. M. T4thvinally, end
1 elaSorated in the course of subpoguent research stuwlies with other

stulento. tiat 15, the reaction of docomposition of eryl hydvazones of
aldehios onfl katones in the rwerenes of minute guantities of z2inc
chloride, cuprous chioride, amd chlorides of cortain other metals. ‘
Phenyl hyirazones of sliehydes and ketcnmes form subwiituted indolss, and

L ' Thenyl hylrezonos of ladehyios with a euPficiont moledilas weight .

: {C), or move) simultansously form nitriles of corvesponding aliphatic i

acids: ‘CHp R e R o
WW-§=C - R’ L

Bt

0-m~n-¢m - R~ e @ ——ma 4N =CR’ K

This fine reaction, in contrast ‘o B. Fischer's well-lmown method for :
obtainiug substituted indoles, aleo has a purely catalytic chaerecter amd ; .-
may be uoed &5 an excellent method for proparing certain imdoles amd
nitrilen. : . -

In.a group by 1taolf 14 Arbuszov's work on the theory of tapping
: conifers ad the dischargd of soft resin from pines. In this work, which

. . is extremnly iryortant frum a mrastical standpoint, ho hes ghown by :

: : msano. f very simpla but absolutely relisble end convinoing oXperimenta . AR o

o ' that in the peosages of resin in corifers there 1 a consideradble preesure K : R - |

: S (2-3 atzmougheres), wbich can bs measured by a mancmoter. A precedure - R
. was vorled out for the collsction of resin frvm "wourded" pines into
N covered containers, vhich made i* possidlo ‘to more thenm dontle the

e amount of rosin ocllected apd also guaranteed ite collectiom without

e . logs of volatiles, the umount of tho latbter renging from 35-36 porcent -

: in pioce of the 10-12 percont when collection was mede by the yosular
methol. Such on increnso of pufit in trve-tapping has helpes to pramote
the growth of the treo-tapping inlustry in USSR, amd has a1gc made 1t
possible tc meko a thorcugh stuly of the chamical ccposaition of resin
anl twrpontine oxtractad from the types of conifers found in owr
country. In this extensive work carriod out by A. fe. Arbuzov and his
collaboraioi®,. one should rention particplarly thoe exporimente of B. A.
Arbuzov, waich throw now 1ight on tho composition of Bussien turpentine.
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Tims, in the chemistry of terpenss alec, a division of orézmic
chemiotry vhich has recoived valuable contributions from ths Kuzan'

school of chemicts in the works v Flaviteliy end Vegnei; Acbuzov- has -
attainsd substontial results, going his owvn originel wey.

A reviev of his sclentific activity would be incomplote if wo aid
rot montion his eontimuing end livel; interest in the history of Russian
chemistry, vhich bs expressed in a peries of outlinos dedicated to the
Kazen' school of chemipts orid ite founders, Zinin and Butlerov, the
grect Ruesian scientists, the chemistsIonoaorov and Merdeloyev, Lebedev
and other outstanding representatives of Russien science. In all of his
wvori.s. -n the history of chemistry, Arbuzov hes noted the great influence
exercised Ly Russian reseavrchers on the devolopment of world science, oven
though their work has not always received nropor vecognition.

“

In thip connection, the most timsly ovd significent outline 1o the
ono written ‘by Arbuzov in 1945, regaxding the influsnce of the work
carriod on by the Kegem' nnhool of chemista on the develommwnt of the
world chervical industry, frem #hich it i cleaxly seen that tle
d4scoverion of the Kuzen' chomlots served as the foundatlon fox such
bronshos of chemical industry as the aniline dye industry, compounds of
high-moleculer weiaht, gynthetic motor fuel, high-octans hydrocarbons,
ete.

_Sach hag been the many-sided seientific sctivity of A. Yo. Arbuzov
obiandent, in ccourate, loglcel, anl convincing experiments and precise °
chomical thought. He is at tho poek of his ceetive activity. Ieot us
T : wich Rim mony move years of work to the benefit of owr country exd

soiance.

“END -
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